T cells. This implies that sufficient number of pp65-specific cytolytic and helper T cells for adoptive transfer may be obtained in only 2 weeks.
Human cytomegalovirus (CMV) is a widely spread herpes virus that resides dormant after infection. Patients that have undergone haematopoietic stem cell transplantation (HSCT) or solid organ transplantation are at high risk for development of CMV-associated diseases (Meyers et al, 1986; Ljungman et al, 1992) . The introduction of prophylactic or pre-emptive antiviral therapy has been a successful treatment for early onset of CMV disease (Meyers, 1991; Ljungman, 2002) . However, this has led to the identification of CMV strains that are resistant to antiviral therapy and an increase in late onset of CMV disease (Li et al, 1994; Krause et al, 1997; Einsele et al, 2000; Zaia et al, 2001) .
In healthy CMV-seropositive individuals, the cell-mediated immune system, i.e. CD8 + cytolytic and CD4 + helper T cells, repress viral reactivation and protect against disease (Gillespie et al, 2000; Kern et al, 2002) . Therefore, adoptive transfer of donor-derived CMV-specific T cells may be an attractive approach to treat transplant patients with CMV disease. It was shown more than a decade ago that infusion of donorderived CMV-specific CD8 + T cells can reconstitute CMV immunity after HSCT (Riddell et al, 1992 Walter et al, 1995) . They were able to reconstitute and restore CMV-specific CD8 + T-cell immunity. However, the magnitude of the CMV-specific CD8 + T-cell response decreased with time in patients with no reconstitution of endogenous CMV-specific helper T-cell response. Einsele et al (2002) transferred donor-derived CMV-specific CD4 + T cells which also suppressed the virus, but only if the patient reconstituted an endogenous CMV-specific CD8 + T-cell response.
Summary
Cytomegalovirus (CMV) reactivation can cause severe complications for transplant patients. Such patients can be protected against CMV-associated diseases through reconstitution of donor-derived CMV-reactive cytolytic and helper T cells. We have developed a strategic protocol for efficient simultaneous generation of CMV-reactive CD8 + and CD4 + T cells ex vivo.
The protocol uses peripheral blood lymphocytes (PBLs), antigen-modified mature dendritic cells (DCs) generated in only 3 d and an adenoviral vector encoding the CMV pp65 antigen (Adpp65) both as an endogenous and exogenous source of antigen. PBLs stimulated once with Adpp65-transduced DCs (endogenously expressed pp65) resulted in preferential activation and expansion of pp65-specific CD8 + T cells while PBLs stimulated with DCs pulsed with cell lysate from Adpp65-transduced autologous monocytes (exogenously expressed pp65) yielded pp65-specific CD4 + T cells. Stimulation with double-modified DCs efficiently activated and expanded cytolytic and helper T cells simultaneously. The frequency of T cells producing interferon-c in response to pp65 increased after one stimulation on average 9AE6-fold to 4AE3% for CD8 + T cells and 25AE8-fold to 6AE5% for CD4
patients with CMV disease would be to transfer donorderived CMV antigen-specific T cells of both CD4 + and CD8 + subsets.
Dendritic cells (DCs) are professional antigen-presenting cells that prime and induce T-cell responses. Several methods have been described for the generation of monocyte-derived DC using various media, serum, cytokines and maturation stimuli (Jonuleit et al, 1997; Reddy et al, 1997; Bennett et al, 1998; Ridge et al, 1998; Schoenberger et al, 1998; Cella et al, 1999; Lee et al, 2002; Dauer et al, 2003) . Most protocols include 7 d of cell culture with granulocytemacrophage colony-stimulation factor (GM-CSF) and interleukin (IL)-4 followed by 2 d of culture with a cocktail of cytokines and maturation stimuli. Therefore, it normally takes 7-9 d to produce 'conventional' DCs for T-cell stimulation studies. Recent studies have implied the effectiveness of 'fast' DCs which are generated in only 48-72 h Obermaier et al, 2003; Xu et al, 2003; Ho et al, 2006) .
Dendritic cells efficiently present peptides derived from endogenously expressed proteins on major histocompatibility complex (MHC) class I molecules for activation of CD8 + T cells and peptides derived from endocytosed exogenous proteins on MHC class II molecules for activation of CD4 + T cells. They also have the capacity to present peptides from endocytosed proteins on class I molecules, a process known as cross-presentation (Albert et al, 1998; Rock, 2003; Burgdorf et al, 2007) . We and others have shown that DCs transduced with an adenoviral vector expressing the full length CMV pp65 protein (Adpp65) or transfected with mRNA encoding CMV pp65 primarily induce pp65-specific CD8 + T cells while DCs pulsed with CMV lysate primarily induce CD4 + T cells (Carlsson et al, 2003 (Carlsson et al, , 2005 Foster et al, 2004; Heine et al, 2006) . We have also shown that DCs transfected with pp65 mRNA and pulsed with recombinant pp65 protein activates pp65-specific CD8 + and CD4 + T cells simultaneously (Carlsson et al, 2005) . For clinical use it may be complicated to combine several sources of clinical grade CMV antigen. We reasoned that simultaneous CD8 + and CD4 + T-cell activation should be obtained if DCs were both transduced with Adpp65 (endogenous pp65 expression) and pulsed with cell lysate from autologous Adpp65-transduced monocytes (exogenous pp65 expression). Herein we present a rapid and straightforward protocol for simultaneous activation and expansion of CMV pp65-specific CD8 + and CD4 + T cells. The protocol uses fast DCs and only one source of pp65 antigen in the form of Adpp65 that can easily be produced at clinical grade (Leen et al, 2006) . It only requires a single stimulation of peripheral blood lymphocytes (PBLs) with Adpp65-modified fast-matured DCs, i.e., sufficient number of cytolytic and helper T cells can be obtained in 2 weeks. The rapid and unspecific expansion protocol of T cells has been omitted. We believe that this protocol is applicable in a clinical setting because of its robustness and effectiveness.
Materials and methods

Reagents
Culture medium. All primary cell cultures were maintained in RPMI 1640 medium supplemented with 1% pooled normal human serum (Uppsala University Hospital Blood Centre, Uppsala, Sweden), 10 mmol/l N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES), 1 mmol/l l-glutamine, 20 lmol/l b2-mercaptoethanol, 100 U/ml penicillin and 100 lg/ml streptomycin (Invitrogen, Carlsbad, CA, USA). Cells were cultured in a 37°C, 5% CO 2 humidified incubator.
Adenoviral vectors. The replication-deficient serotype 5 adenoviral vectors coding for the full length CMV pp65 transgene (Adpp65) and the vector without transgene (AdMock) have been described previously (Carlsson et al, 2003) . Viruses were produced in 911 cells and the virus titres were determined using fluorescent-forming unit (FFU) assay, as described previously (Dzojic et al, 2007) .
Peptides and tetramer. The HLA-A*0201-restricted peptide from the CMV pp65 antigen (aa 495-503, NLVPMVATV) and the negative control antigen VMAT-1 (aa 31-39, LLLDNMLFT) were purchased from Sigma Genosys, (Haverhill, Suffolk, UK with low-dose IL-2 (10 IU/ml) (Fig 1) . Adherent cells, mainly monocytes, were divided into three portions.
CD8 arm. One portion of adherent cells (1) was collected, centrifuged, resuspended in 300 ll culture medium and transduced for 2 h with Adpp65 or AdMock at a multiplicity of infection (MOI) of 400 FFU/cell. The cells were then cultured in fresh T-75 flasks (1 · 10 6 cells/ml culture medium) and the transduced monocytes were differentiated into immature DCs by addition of IL-4 (25 ng/ml) and GM-CSF (50 ng/ml) at 0, 24 and 48 h. They were matured by addition of TNF-a (40 ng/ml) and Poly(I:C) (30 lg/ml) at 48 h and cultured for another 24 h. These DCs were used as MHC class I peptide-presenting cells of endogenously expressed pp65. This part of the protocol is referred to as the CD8 arm.
CD4 arm. A second portion of adherent cells (2) (Fig 1) was differentiated into immature DCs with IL-4 (25 ng/ml) and GM-CSF (50 ng/ml) added at 0, 24 and 48 h. After 48 h the cells were pulsed with exogenously expressed pp65 in the form of total cell lysate or stressed cell debris from the third portion (3) of Adpp65-or AdMock-transduced adherent cells. Total cell lysate was obtained by four freeze-thaw cycles while stressed cell debris was obtained by heat (42°C, 1 h) followed by irradiation (100 Gy). The pulsed DCs were matured by addition of TNF-a (40 ng/ml) and Poly(I:C) (30 lg/ml) and cultured for another 24 h. These DCs were used as MHC class II peptide-presenting cells of exogenously expressed pp65. This part of the protocol is referred to as the CD4 arm. The pp65 peptide-presenting DCs from the CD8 and CD4 arms were either pooled or kept separately and used for stimulation of autologous PBLs for activation of pp65-specific CD8 + and CD4 + T cells (Fig 1) . PBLs (15 · 10 6 ) were then mixed with autologous antigen-modified DCs at a responder to stimulator (PBL/DC) ratio of 10:1 and cultured for 11 d with 0AE1 ng/ml IL-12 and 20 ng/ml IL-7. Fresh medium with 20 ng/ml IL-7 was added after 7 d.
Annexin V apoptosis assay
An Annexin V apoptosis assay (BD Biosciences) was used to evaluate the extent of apoptosis in heat/irradiated stressed monocytes. Briefly, after heat/irradiation treatment cells were cultured for 24 h, washed twice in cold phosphate-buffered saline and resuspended in binding buffer. Cells were incubated with Annexin V-FITC and PI for 15 min at room temperature. (1) is transduced with Adpp65 and differentiated into immature dendritic cells (DCs) with IL-4 and granulocyte-macrophage colony-stimulating factor (GM-CSF) for 48 h and further matured with tumour necrosis factor (TNF)-a and Poly(I:C) for 24 h. These DCs are used as MHC class I peptide-presenting cells of endogenously expressed pp65. This part of the protocol is referred to as the CD8 arm. A second portion of monocytes (2) is differentiated into immature DCs and pulsed with the cell lysate from the third portion (3) of Adpp65-transduced monocytes. These DCs are then matured and used as MHC class II peptide-presenting cells of exogenously expressed pp65. This part of the protocol is referred to as the CD4 arm. The pp65 peptide-presenting DCs from the CD8 and CD4 arms are either pooled or kept separately and used for stimulation of autologous PBLs. T cell proliferation is measured for 5 d following stimulation. T-cell specificity and activity are analysed by tetramer-recognition and IFN-c production before and 11 d after stimulation. Cytolytic activity is evaluated 11 d after stimulation.
Cells were washed and analysed on a FACSCalibur flow cytometer (BD Biosciences).
Carboxyfluoroscein succinimidyl ester proliferation assay
The CellTrace carboxyfluoroscein succinimidyl ester (CFSE) cell proliferation kit (Invitrogen, Eugene, OR, USA) was used to evaluate CD8 + and CD4 + T-cell proliferation. Briefly, 2 · 10 6 PBLs were dyed with 10 lmol/l CFSE solution and co-cultured in 12-well plates with 2 · 10 5 autologous DCs irradiated at 40 Gy. The DCs were unmodified, pulsed with cell lysate from Adpp65 or AdMock-transduced monocytes, or transduced with Adpp65 or AdMock. After 5 d cells were incubated with anti-human CD3-APC and either CD8-PE or CD4-PE antibodies for 30 min at 4°C, washed and analysed by flow cytometry.
Intracellular interferon gamma staining
Modified DCs from the CD8 and CD4 arms were mixed with autologous unstimulated PBLs for prestimulation analysis or stimulated PBLs for poststimulation analysis at a stimulator to responder (DC/PBL) ratio of 1:2. After 2 h of incubation at 37°C, protein secretion was blocked by the addition of 8 lg/ml Brefeldin-A (Sigma) and the incubation was continued for an additional 5 h. Cells were then permeabilized with BD-perm (BD Biosciences) and incubated with anti-human CD3-APC, IFN-c-FITC and either CD8-PE or CD4-PE antibodies for 30 min at 4°C, washed and analysed by flow cytometry.
Tetramer analysis
The PE-labelled HLA-A*0201/pp65 459-503 tetramer was used together with anti-human CD8-PerCP and CD3-APC antibodies to determine the percentage of tetramer-positive cells before and after stimulation. Cells were incubated for 30 min at 4°C, washed and analysed by flow cytometry.
Cytotoxicity assay
The human Epstein-Barr virus (EBV)-transformed B lymphoblastoid cell line C1R-A2 was cultured in RPMI-1640 method (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (Invitrogen) and 200 lg/ml of geneticin (Sigma). C1R-A2 (5 · 10 6 cells in 500 ll medium) were left unmodified or transduced with Adpp65 or AdMock (400 MOI) for 2 h and then cultured for 48 h. The cells were then labelled with chromium 51 ( 51 Cr) (GE Healthcare) for 1 h at 37°C, washed three times and unmodified cells were pulsed with pp65 495-503 peptide (5 lg/ml) or VMAT-1 31-39 peptide (5 lg/ml) for 2 h. Stimulated PBLs were added to 2500 51 Crlabelled C1R-A2 target cells in V-bottomed 96-well plates at effector to target ratio (E:T) from 0AE4:1 to 50:1 and incubated for 5 h at 37°C. 
DC phenotype
Monocyte-derived matured DCs obtained in either 3 or 9 d were compared regarding cell surface markers and cytokine secretion. DCs obtained in 3 d were supplemented with fresh IL-4 (25 ng/ml) and GM-CSF (50 ng/ml) at 0, 24 and 48 h and TNF-a (40 ng/ml) and Poly(I:C) (30 lg/ml) at 48 h. DCs matured in 9 d were supplemented with fresh IL-4 and GM-CSF every second day and TNF-a and Poly(I:C) after 7 and 8 d. Cells were harvested, washed, divided and incubated with antibodies against various cell surface markers for 30 min at 4°C, washed and analysed by flow cytometry. Cytometric bead array (Human inflammatory kit; BD Biosciences) was used to measure cytokine production from 3 to 9 d DCs according to the manufacturer's instructions for supernatant arrays. Samples were run in triplicate and analysed by flow cytometry.
T-cell phenotype
Unstimulated and stimulated A*0201/pp65 495-503 tetramerbinding T cells were analysed for activation markers. Cells were washed and incubated with antibodies for 30 min at 4°C washed and analysed by flow cytometry.
Statistical analysis
The phenotype of DCs analysed by cytometric bead array and the phenotype of HLA-A*0201/pp65 495-503 tetramer-binding T lymphocytes, before and after stimulation, were compared using the Wilcoxon signed rank test with paired data (a = 0AE05). Frequencies of HLA-A*0201/pp65 495-503 tetramerbinding CD8 + T cells and IFN-c production by CD8 + or CD4 + T cells were compared before and after stimulation using the Wilcoxon rank sum test with unpaired data (a = 0AE01-0AE001).
Results
Phenotypic similarity between mature DCs generated in 3 or 9 d
We generated mature fast DCs in 3 d and conventional DCs in 9 d to compare their phenotype and stimulatory capacity. Conventional DCs were larger and more granular than fast DCs when examined by light microscopy (data not shown) and flow cytometry (Fig 2A) . Conventional and fast DCs had similar expression levels of HLA-ABC, HLA-DR, CD40, and CD86 and no expression of the monocyte marker CD14. Conventional DCs had a somewhat higher expression of CD54, CD80 and CD83 than fast DCs. Histograms from one representative experiment out of five is shown in Fig 2B. There were no differences in IL-12, IL-6 or IL-8 production as assessed by cytometric bead arrays (Fig 2C) . The high levels of IL-6 and IL-8 were significantly (a = 0AE05) reduced when Poly(I:C) was omitted from the maturation stimuli (data not shown). Fast DCs produced significantly (a = 0AE05) lower amounts of IL-10 and significantly (a = 0AE05) higher amounts of IL-1b than conventional DCs, indicating that fast DCs may be preferable for T-cell stimulation considering the inhibiting effect of IL-10 on T-cell proliferation.
Efficient generation of CMV pp65-specific CD8 + T cells using Adpp65-transduced fast DCs; CD8 arm of the protocol
We have previously shown that conventional DCs transduced with Adpp65 were efficient in generating pp65-specific CD8 + T cells (Carlsson et al, 2003) . We now examined whether Adpp65-transduced fast DCs were able to induce T-cell proliferation, increase specificity and mediate cytolytic capacity in a similar manner. Irradiated Adpp65-or AdMock-transduced fast DCs from CMV-seropositive HLA-A*0201-positive donors were cultured with autologous CFSE-labelled PBLs for 5 d. T-cell proliferation was measured by loss of CFSE signal intensity. One example out of three is shown in Fig 3A. Adpp65-transduced DCs were able to efficiently induce proliferation of CD8 + T cells (range: 27-32%), as illustrated by six distinct peaks in Fig 3A. They also induced proliferation of CD4 + T cells to a lesser degree (4-16%). AdMock-transduced DCs induced minimal T-cell proliferation (0AE5-1%).
The increase in CMV pp65-specific CD8 + T cells was evaluated by HLA-A*0201/pp65 459-503 tetramer staining before (pre-stim) and 11 d after (post-stim) stimulation. One example is shown in Fig 3B where the frequency of tetramerbinding CD8 + T cells increased from 1AE2% to 38% when Adpp65-transduced DCs were used as stimulators. As expected, AdMock-transduced DCs did not increase the frequency of pp65-specific CD8 + T cells. Overall, the frequency of tetramer-binding CD8 + T cells after Adpp65/DC stimulation had a mean score of 23% (median: 15AE5%), which was significantly (a = 0AE001) higher than the mean score of 3AE1% (median: 2AE4%) before stimulation and 2AE3% (median: 1AE8%) after AdMock stimulation. There was no significant difference in frequency before and after AdMock stimulation (Fig 3C) . We next measured IFN-c production by PBLs before (prestim) and 11 d after (post-stim) stimulation. One example is Fig 3D where the frequency of IFN-c-producing CD8 + T cells increased from 0AE8% to 7AE6% upon Adpp65/DC stimulation. Overall, the IFN-c production of CD8 + T cells had a mean score of 3AE5% (median: 2AE6%) after a single Adpp65/DC stimulation (Fig 3E) . This frequency was significantly (a = 0AE001) higher than both for prestimulated CD8 + T cells (mean: 1AE0%, median: 0AE6%), and for AdMock-stimulated CD8 + T cells (mean: 0AE8%, median: 0AE5%). The frequency of IFN-c producing CD3 + /CD8 -(i.e. CD4 + ) T cells was not significantly increased when Adpp65-transduced DCs were used as stimulators compared to AdMock-transduced DCs (data not shown). The cytolytic capacity of Adpp65/DC-stimulated T cells was examined by chromium release assay using C1R-A2 as target cells in order circumvent the use of autologous CMV-infected fibroblasts. Cytotoxic T-lymphocyte generated through stimulation with Adpp65-transduced DCs were able to efficiently lyse Adpp65-transduced or pp65 495-503 peptide-pulsed C1R-A2 but had no cytolytic effect on AdMock-transduced C1R-A2 or C1R-A2 pulsed with VMAT-1 31-39 , an irrelevant HLA-A*0201-binding peptide used as negative control (Fig 3F) . This indicates that the recombinant adenoviral vector by itself did not induce an immune response.
To further investigate the phenotype of the HLA-A*0201/ pp65 495-503 -specific CD8 + T cells, we analysed this T-cell population for various activation markers before and after stimulation ( Table I ). tetramer-binding population were significantly higher after stimulation than before stimulation. The frequencies of CD45RA + /R0 ) T cells were significantly lower after stimulation than before stimulation while the frequencies of CD27 + , CD62L + and CCR7 + T cells were not significantly altered.
Taken together, the data indicate that the tetramer-binding population is shifted from a memory phase to an effector phase upon stimulation.
Generation of CMV pp65-specific CD4 + T cells using fast DCs pulsed with cell lysate from autologous Adpp65-transduced monocytes; CD4 arm of the protocol As the frequency of IFN-c-producing CD4 + T cells was not significantly increased when PBLs were stimulated with Adpp65-transduced DCs, we hypothesized that pp65-specific CD4 + T cells should be activated if the pp65 protein was taken up by DCs as an exogenous source of antigen. We therefore designed the CD4 arm of the protocol, where monocytes were transduced with Adpp65, harvested 2 d later and fed to autologous immature DCs (Fig 1) . Two methods were evaluated for extraction of pp65 antigen from transduced monocytes. DCs were either pulsed with cell lysate from Adpp65-transduced monocytes obtained by four freeze-thaw cycles, which mainly generated necrotic cell death, or by Adpp65-transduced monocytes exposed to heat and irradiation, which mainly generated apoptotic cell death. Heat/irradiated monocytes (stressed monocytes) had an Annexin V staining (apoptotic cell death) of 44-66% while Annexin V staining of normal monocytes was 10-14%. One example out of three is shown in Fig 4A. pp65-specific CD4 + T cells were activated when PBLs were stimulated with Adpp65-modified DCs (Fig 4B) . However, there was no significant difference when comparing cell lysate-modified DCs and stressed cell-modified DCs. One representative experiment out of three is shown in Fig 4B. The convenience of preparing cell lysate by four freezethaw cycles persuaded us continue with this method as a source of exogenously expressed antigens in all subsequent experiments.
To demonstrate proliferation capacity of stimulated CD4 + T cells the CFSE proliferation assay was performed. One example out of three is shown in Fig 5A. Efficient proliferation of CD4 + T cells was observed (11-24%) after stimulation with Adpp65-modified DCs. The CD4 arm of the protocol was able to induce substantial proliferation of the CD8 + T-cell subset as well (11-19%) . AdMock-modified DCs did not induce or induced only minimal CD4 + T-cell proliferation (1AE4-1AE6%).
We next investigated the activity of the pp65-directed helper T cells obtained in the CD4 arm of the protocol. Figure 5B shows that the frequency of IFN-c-producing CD4 + T cells was 13% after Adpp65 lysate/DC stimulation compared to 1AE2% before stimulation. Furthermore, the frequency of IFN-cproducing CD3 + /CD4 ) cells increased from less than 0AE1% to 3AE5%, indicating that the CD4 arm of the protocol also increases the frequency of pp65-specific CD8 + T cells. Overall, the IFN-c production by CD4 + T cells had a mean score of 3AE8% (median: 2AE8%) after Adpp65 lysate/DC stimulation ( Fig 5C) . This was significantly (a = 0AE001) higher than both before stimulation (mean: 0AE5%, median: 0AE2%) and after AdMock lysate/DC stimulation (mean: 1AE3%, median: 1AE2%).
Simultaneous generation of activated CMV-specific CD8 + and CD4 + T cells by strategic use of Adpp65 and fast DCs
In order to maintain an effective cell-mediated immune response against CMV it is important to have CMV antigenspecific cytolytic and helper T cells. We therefore stimulated PBLs from individual CMV-seropositive blood donors with Adpp65-modified DCs using the CD8 and CD4 arms (Fig 1) of the protocol simultaneously. One example of T-cell activation is shown in Fig 6A where DCs pulsed with pp65 antigen retrieved through apoptotic and necrotic cell death of Adpp65-transduced monocytes works equally well to induce pp65-specific CD4 + T-cell activation. Adpp65-transduced monocytes were heated and irradiated to induce stressed monocytes undergoing mainly apoptotic cell death. Other Adpp65-transduced monocytes were subjected to four freeze-thaw cycles to induce necrotic cell death followed by harvesting of cell lysate. was 4AE3% (median: 4AE1%), which was significantly higher than the average frequency of 1AE1% (median: 0AE9%) before stimulation and 0AE8% (median: 0AE7%) after AdMock/DC stimulation ( Fig 6B) . Furthermore, simultaneous CD8 arm and CD4 arm stimulation was significantly more efficient in generating IFN-c-producing CD8 + T cells than if only the CD4 arm was used (mean: 1AE3%, median: 0AE8%), showing that even if the CD4 arm yielded CD8 + T cells it was not as efficient as the CD8 arm. The average frequency of CD4 + T cells producing IFN-c after Adpp65/DC stimulation was 6AE5% (median: 4AE7%), which is significantly higher than the average frequency of 0AE7% (median: 0AE6%) before stimulation and 0AE9% (median: 0AE5%) after AdMock/DC stimulation (Fig 6C) . Induction of IFN-c-producing T cells from 10 individual donors before and after Adpp65/DC stimulation is illustrated in Fig 6D. antigen from freeze-thawed transduced monocytes was processed and cross-presented on MHC class I molecules. The protocol has so far only been used with blood from healthy CMV-seropositive individuals. Therefore, it can be used to activate pp65-specific cytolytic and helper T cells from CMV-seropositive donors for prevention or treatment of CMV reactivation in HSCT patients. We next plan to examine whether it can be used to expand pp65-specific T cells from immunosuppressed patients suffering from CMV disease following solid organ transplantation. Strategies to specifically expand CMV-specific CD4 + and CD8 + T cells have been described previously. Rauser et al PBMCs as feeder cells. Their protocol also appeared highly efficient in generating CMV-specific cytolytic and helper T cells. One advantage with our protocol is that it avoids expansion with high-dose IL-2, which may exhaust T cells. A second advantage is that one clinical grade adenoviral vector is used instead of both CMV lysate and various synthetic peptides. Furthermore, we have previously shown that Adpp65 can be used to generate CD8 + T cells against multiple epitopes simultaneously in accordance with the individuals HLA-ABC molecules (Carlsson et al, 2003 (Peggs et al, 2003) . Donor-derived CMV-specific CD8 + T cells have also been isolated and adoptively transferred using HLApeptide tetramers (Cobbold et al, 2005) . In that case CD4 It also appears that both CD8 + and CD4 + T cells specific for CMV should be transferred for optimal results (Leen et al, 2006) . Although it still needs to be proven, we expect that our protocol will yield long-lasting pp65-specific cytolytic and helper T cells as only one antigen-specific stimulation with low-dose cytokines is used. Several researchers have tried to dissect whether apoptotic bodies or necrotic cell lysate is the better source of antigen for DCs when it comes to T-cell activation (Sauter et al, 2000; Kotera et al, 2001; Schnurr et al, 2002; Prasad et al, 2005) . Adpp65-transduced monocytes subjected either to four freeze-thaw cycles, to harvest cell lysate, or to heat and irradiation, to induce stressed cells going through apoptosis, were equally good sources of pp65 antigen for DCs regarding the activation of pp65-specific CD4 + T cells. Our data indicate that fast DCs are phenotypically similar to conventional DCs. They are also highly efficient to activate pp65-specific T cells in blood from CMV-seropositive individuals. We did not assess whether fast DCs can be used to activate pp65-specific T cells from a naïve precursor population in CMV-seronegative individuals. However, Ho et al (2006) recently demonstrated that fast DCs can be successfully used to activate tumour antigen-associated T cells from naïve precursor populations.
In conclusion, we present a rapid and straightforward strategic approach for efficient simultaneous ex vivo-generation of CD8 + and CD4 + CMV pp65-reactive T cells that may be used to adoptively transfer donor-derived T cells to treat and/or prevent CMV reactivation in HSCT patients.
